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1. INTRODUCIION

The advent of temain-guidance missiles or low-flying, cruise-type missiles facilitates undetected
penetration of outer defenscs. 1f the outer defense is penctrated, the time for the close in defense to
respond is usuaily quite short, perhaps only between two and five seconds. Fast countermeasure
responsc is also necessary under other batteficld conditions, such as an enemy helicopter rising from
behind cover, sighting, finng, and descending behind cover before an air defense gun can respond
properly and fire. Since this type of threat is usually considered soft-armored, the best
countermeasure is often a high-explosive, fragmented projectile. The time to respond to this type of
threat is so short that presctiing a fuzc prior to firing is impracticable. This recessitates the usc of a
proximity-type fuze. Howcver, proximity-type fuzes often suffer in accuracy due to signal multi-path
rctums of low-trajectory projectiles. This is especially true when encountering targets over watcr,
Many methods have been used, with varying degrees of success, to minimize the multipath problem as
well as 10 minimize electronic countermgasure interference with electronic fuzes.

Automated fast-response guns are becoming a necessity in modem warfure 16 defond against low-
flying missilcs, rockets, or aircrail. Rapid-fire guns and fire control systems can be readily automated;
however, there still exists a need for a fuze that can be automatically and rapidly set to integrate with
the gun-fire control system. The concept, circuit operation, and test results of a new technique 10
automatically set a fuze will be described in this report, as will the communication link from gun to
projectile that will automatically set the desired time delay into the fuze and the circuit operation to
translate the data to the desired time delay before projectile detonation.

The Ballistic Research Laboratory (BRL) is not actively engaged in Jesigning fuzes. The
communication link and timing circuits described in this report could well be the basis for a new fuze
design, but no auempt has been made to incorporate safe-amm devices or detonation circuits or to
optimize other paramcters for safety and reliability. The concept and initial test results are presented;

full development of a complete fuze would require a joint effort with the fuze-development '
community.

The development of an automatically set fuze actuslly serves a double purpose. The
communication link described in this report has other applications, such as communicating 1o a smart
projectile at the Jast instant during firing. Such a link would also allow a weapon system to have a




round loaded in the chamber ready to fire while still permitting the option 1o change the fuze type or
warhcad as the target dictated.  After considering various ways 10 venfy the operation of the data
transfer, it was decided that the development of the fuze time-dclay circuit was probably the easicst
and cheapest way (Schmidt ang Sadler 1988).

While this report describes a fuze sciting dunng muzale exit, it should be remembered the same
technique can casily be apphicd to 8 rapid-fire gun, setting the fuze before it is chambered. In this
casc. the sensor would be designed into the feed mechanism. This method should also be explored but
would require some study of current feed mechanisms or incorporated in new designs.

2. ADVANTAGES OF A FUZE SET AUTOMATICALLY AT THE MUZZLE

Various mcthods 10 automatically set fuzes have been studicd. Some examples arc:

a. Automatic mechanical setting of the fuze prior to loading.

b. Automatic electronic setting of the fuze prior to loading.

¢. Automatic electronic setting of the fuze after projectile launch by a radio frequency (RF) link.

Both the mechanical and the electronic setiings before loading are relatively slow, &nd in the case

of air defense they would be 100 slow. In addition, the time delay eniered would not be based on the
most current data.

Automatic setting afier projectile launch does not pose these problems, but the mere fact that the
projectile can be communicated with makes it susceptibie 10 electronic counter measures.

There would be scveral advantages 1o setting a fuse sutomatically during muzzle exit:

a. The digital clectronic fuze is not subject to multipath as the proximity-type fuzes.

b. The time reguired to set the fuze during muzale exit would be very short, typically in the
order of 100 us.




¢. The fuze, in being sct during muzzle exit, would be the most current data available at firing.

d. The input circuitry 1o the fuze can easily be disabled immediately after launch, virtually

eliminating any possible electronic countermeasure.

3. BACKGROUND OF THE MUZZLESCHMIDT TECHNIQUE AND ITS
APPLICATION TO AUTOMATIC FUZE SETTING

In order w couple data into a projectile during muzzle exit, two things are necessary: first, a
means to transmit the data from gun to projectile; and, second, a very precise detemination of
projectile muzzle exit. Over the past 10 years the Muzzieschmidt technique has been used to measure
projectile velocity, precisc muzzle exit time, projectile yaw, and gun tube motion (Schmidt 1979,
19822 1982b; Schmidi and Andrews 1985). This is accomplished by having a circular RF coil
attached to the muzzle face radiating a field into the bore arca. Interaction of the projectile passing
through this field makes possible the measurement of velocity, exit time. and yaw. This radiation into _
bore area is, therefore, a convenient method to couple the data wo the projectile. The design of the =
sensor to provide the necessary longitudinal resolution to measure muzzle velocity provides very
precisc exit time of a chosen point on the projectile. This is in the order of approximately 0.254 mm
(0.010 im.

It would be possible to couple daia to a projectile through an inductive loop positioned slightly
front of the muzzle, as long as muzzle exit was precisely determined, and a delay was incorporated to
allow the projectile to tv. passing through the front 106p when the data were transmitted. Various
encoding techniques couid be used, and this coucept has already been considered (Danner and Wenger
1974). However, the severe environment at the muzzle, due to hot gases and high pressure, makes the
design of the fixture to hold a double coil extremely difficult. The technique described in this report
makes use of a single coil both 1o sense muzzle exit and to transfer data. This greatly reduces the
problem of making @ mounting collar that would survive at the muzzle.

In practice, a single-loop, inductive coil is mounted directly to the muzzle face by an eppropriate
collar (Figure 1). The inductive coil is excited by a RF source and functions as a regular
Muzzleschmidt, radiating a RF field into the bore ares, which is modified by the presence of the
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Figure 1. Basic Communication Link.

meiallic pari of the projeciile. When ihe front section of the projectile is deiecied, the RT source
driving the sensor is automatically switched off. The RF source remains off for a short period of time
determined by the projectile velocity and the distance from the detected part of the projectile and
receiving antenna mounted on the projectile. After this delay, the RF source is switched back on in a
burst that is preportionai to the time delay desired. With the antenna now within the sensor loop, the
RF burst is transmitted into the projectile. Intemal to the projectile, this burst length is translated from
fractions of microsecond increments to millisecond increments to provide the time delay desired for
the time before detonation. -

For the purpose of the test described in this report, which was to prove the concept of the
communication link, a 10-MHz RF source was used. A higher frequency source, perhaps 20-50 MHz,
may be desirable for actual application, as this and several other parameters would be dictated by the
weapon system, the accuracy, and the maximum time delay desired.

Consider a case in which the intruder was not detected until the last moment and the time of
flight, after the fire control had acquired the target and positioned the gun, was calculated 1o be 0.520
seconds. The time of flight would be continually updated and fed in Binary Coded Decimal (BCD)




form 10 a programmable counter in the automatic fuze-setting control unit. The BCD number would
in this case be entered as 520. Before finng, the 10-MHz oscillator would be driving the sensor coil
mounted on the muzele. As the projectile was fired and began to exit the muzzle, it would be detected
and the 10-MHz signal automatically disconnected from the sensor. Afier a delay to allow the
projectile antenna to be aligned under the sensor loop, the 10-MHz oscillator would again be coupled
1o the sensor in the form of a burst 52 ps long. At the 10-MHz rate, 520 cycles would be coupled to
the projectile. Within the projectile, the 10-MHz burst would be amplified, counted, and entered into
a programmable counter. Afier this data is entered, the programmable counter would automatically
begin to count an intemal clock at a 1-KHz rate. After 520 1-KHz pulses are counted (1 ms between
pulses), the programmable counter would output a pulse that would be used to initiatr the deionator.
Thercfore, the delay from the muzzle exit to detonation would be 520 ms or 0.52 s (excluding

detonator delay).

The maximum time of the data-transfer window “cpends on the projectile velocity and the
receiving antenna length. This limits the maximum number of 10-MHz pulses that can be transmitted

10 the projectile and, hence, the maximum delay.

Assuming a typical piojectile velocity to be 914.4 m/s (3,000 fi/s) and the time resolution of the
delay to be +/- 1.0 ms, the accuracy could be 0.914 m (3 ft). This does not take into account total
system errors caused by the electronics. For a typical, smaller caliber projectile, for instance a
40-mm, the towal projectile length may be approximately 177 mm (7 in). On a projectile this size, the
receiving antenna could be on the order of 63 mm (2.5 in) long. Allowing 6.35 mm (0.25 in) on each
end of the antenna to account for position variatiuns due to projectile velocity variations, the receiving
antenna would be in position to receive data for 50.8 mm (2 in) of pmjectile travel. This limits the
maximum communication window to 560 us or 560 pulses at 10 MHz. Therefore, the maximum
delay would be 0.560 s when using a 1-KHz clock in the projectile. Normally, a longer time delay is

necessary. For the purpose of this test, which was conducted in an indoor range, this maximum time
delay is more than sufficient.

There are several ways to increase the maximum time of delay. One method is to raise the
10-MHz oscillator frequency. With a 20-MHz source, the maximum delay would be 1.040 5. Raising
the source to S0 MHz would provide 2 2.80-s deiay. Another method waould be to use a lower clock
frequency in the projectile. With a 500-Hz clock in the projectile and a 10-MHz source, the maximum
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TABLE 1. Maximum Time Delays and Resolution Resultants from a
10-MHz Oscillator Frequency and a 1-KHz Clock Frequency.

Maximum time Projectile clock Resolution
delay, s divided by ft m
0.56 1 3 091
1.12 2 6 1.82
2.80 5 15 4.57
5.60 10 30 9.14

delay would also be 1.040 s. To maintain coherence between the computer time of flight entered into

the data transmission circuit and the fuze timing, the time of flight computed would be divided by two

before entering it into the programmable counter.

Using a 10-MHz oscillator frequency and a 1-KHz clock frequency on the projectile, the results
would be the maximum delays and resolution for a projectile, as shewn in Table 1. These examples
are general in nature, and choice of the oscillator and clock frequencies would depend on the specific
system desired. For example, projectile size, velocity, practical taige: engagement range, and desired
accuracy would be considered, and the appropriate frequencies would be chosen.

Even though the data communication window is very shor, there may be other data-encoding
methods that could be used. The pulse-burst method was used in this case for two reasons:

a. Itis extremely simple and easy to implement.

b. Since the total number of pulses is counted, if one or several pulses were dropped or missed,

the error would be equivalent to losing a least sigaificant bit, and the error woulid be small.
With other encoding methods (e.g., pulse width) it may be possible to lose the most

significant bit

In this method, the most critical factor is the trensmission 1o the projectile of a well-defined pulse

packet. Ideally, one would like to have the pulse packet in which the first and last cycle and all in

between went from baseline 10 maximum signal. In practice, this is rarely possible. The senzor loop,
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which transmits the pulse, and the receiving antenna are both resonated and, even though broadband,
still require a finite time for the puise to reach maximum amplitude and a finite time to dampen out
after the burst. This results in a pulse packet in which the first and last pulse or two may or may not
obtain maximum arrplitude. Therefore, at least two counts are questionable. Acually, the bench test
of the coupling of the pulse packet was better than has been expected and appears to have only two
questionable cycles, one at the beginning and one at end. A typical pulse packet coupled to the
projectile and amplified to a level sufficient to drive digital counters is shown in Figure 2 (upper

trace). The lower trace of Figure 2 shows the pulse burst output at the sensor.

Normally, one might expect that any delay experienced at the beginning of the pulse packet
would also be encountered at the end of the packet, so that the error incurred due to the first pulse or
two would be compensated for by the last two. This, however, is not true, due to difierent loading of
the circuit by the transistor being cut off or conducting. If the quality of the pulse packet can be kept
to only two questionable counts at the beginning and the end, the maximum error would be four
counts or in this case 4 ms. At a velocity of 914 ny/s (3,000 fi/s), this is 4 ms or 3.6 m (12 ft). It
should be noted that this error would be constant for any iime delay and should not be considered as a
percent error of the time delay desired. The 3.6-m error possible is a 3.6-m error wheiher the time
delay is 0.5 s or 5 s. In this example, a pulse burst 3 s long (30 cycles) was applied to the sensor
driver. As can be seen in the teceived and amplified burst of the 30 cycles, the first negative swing is
only about 25%, and the second negative swing, one complete cycle, is approximnately 90% of a full
swing to the zero level. This 90% swing could constitute a pulse count in the digital counters. The
digital counters used in the projectile are TTL devices, which, when operating with a 5-V supply
count, provide an input of 0 to 0.8 V as a digital "0" and & 2.0 to 5.0 V input as s digital "1."

A bench test was set up to check the consistency of the data pulse coupled to the proiectile and
the resulting time delay. In this test, the completely instrumented projectile was positioned in the
sensor loop, which was affixed t0 a dummy gun tube. The 10-MHz source was manually disconnected
5o that a burst couid be applied. A scries of bursts was then fed to the sensor. Each amplified burst
(in the projectile) was monitored on a storage oscilloscope, and the output of the fuze time-delay
circuit pulsed an infrared light-emitting dicde (LED) in the nose of the projectile. These pulses were
detected with an infrared deiector, and the time delays were recorded. In this test, the 1-KHz
oscillator was divided by two to provide a time deiay of approximately one second. Shown in Table 2
are the recorded values that are typical of the results obtained on subsequent tests.
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Figure 2. Typical Pulse Packet Transmitted to a Projectile.

TABLE 2. Subsequent Tesls’ Recorded Values for a 1-KHz Oscillator.

Data burst X-2 Measured Distance -
ume, ps (500 Hz) time, s Error, s error
@ 914 m/s
ft m
55.6 1,112 1.1100 -.002 -6.0 -1.83
55.6 1,112 1.1105 -0015 45 -1.37
55.6 1,112 1.1118 -.0008 -15 046
55.6 1,112 1.1105 -.0015 4.5 -1.37
55.6 1,112 1.1100 -002 -6.0 -1.83
55.6 1,112 1.1115 -.0005 -1.5 -0.46
55.6 1,112 1.1125 +.0005 +1.5 +0.46
55.6 1,112 1.1115 -0008 -15 £.46
55.6 1,112 1.1115 -.0005 -1.5 046
55.6 1,112 1.1115 -0005 -1.5 .46
55.6 1,112 1.1115 -.0005 -1.5 046
55.6 112 1.1115 -002 -1.5 -C.46
_——L—-—-_——-—-

Notes: Mean = 2.50 ft, 0.762 m

¢ =2251,0686m




Throughout a serics of bench tests, the datz burst coupled into the projectile, and the resultant
time delay were consistent and accurate. Based on these tests, there appears to be a high probability ~
of successfully transferring the data during actual firnng. A

As was previously mentioned, this technique could be used to send other commands to smart or
multi function projectiles. If a data burst can be coupled to the projectile with a total of only two 10
four questionable counts, it should be very simple to accurately send various commands to the
projectile. An example would be: 2 data burst of 20 t0 29 cycles would be a particular command (o
the projectile, a burst of 30 o 39 cycles would be another command, and etc. In the first case, a
transmitted data burst of 24 cycles would provide a +/ - § cycles error margin for that command, as
would be the case when a burst of 34 cycles instructed the projectile to peiform the second function.

If a greater error margin was desired, the command windows could be made larger (e.g., Command
One could have a window from 10 cycles to 50 cycles, and Command Two could have a window
from 51 1o 100 cycles).

To experimentally prove the communication link in this mode would be rather difficult, because
the projectile used would have to be capable of performing the command. The other aliernative would
be to have the command verified by a LED on the projectile for each command. This could be done
but would not provide the accuracy oblained when testing the link as a fuze time delay. If a LED was )
used 10 verify that the command was received, it would only verify that the burst cuupled in was ..
within the ermor band not how accurate it was. Used as a time delay foi  ~ ze, it provides a precise
count, which can then be compared to the input transmitted to the projectile.

3.1 Description of the Basic Communication Control Unit. The communication control unit
described was designed for test purposes but is similar to what would be required if integrated into a
fire control system. In the test conducted, the desired time delay was dialed into a programmable
counier prior to firing and held until the control unit sutomatically requested a data burst. In an actual
fuze-setting system, the fire control would input the time of flight data to the programmable counter
when the control unit requested it.

It would also be desirable to configure the “Lelay” and the "Wait™ multivibrator to the type used
as the "Data Burst” multivibrator to achieve a very precise time delay. This would aiso provide the
opiion to change the time delays easily for different projectiles or projectile velocities. Since the time
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delay used in this test was so shori, the data burst was also short. ‘Therefore, the precise position of
the antenna under the sensor was not critical, as would be the case with longer delays, in which the

maximun; length of the antenna may be used.

In normal operation, a 10-MHz oscillator is fed through a two-input NAND gate (Figure 3). The
othe. mput is held at a logic high by the output of the Muzzleschmidt (MS Disable) mulsivibrator
coupled through two NOR gates. A second NAND gate inverts the 10-MHz signal and acts as a
buffer to the output stage. In output stage, an emitter follower drives a differential sensor coil
resonated at  10-MHz through a twin coaxial RF cable approximately 2 m (6 fi) long. The timing

waveforms for the communication control unit are shown in Figure 4.

A 10-MHz signal is radiated into the bore area as in conventional Muzzleschmidts. As the front
of the projectile begins 10 exit the gun, the change in the RF level caused by the interaction of the
projectile is detected and fed 10 an amplifier (HA-2625). The output of the amplifier is then coupled
10 a voltage comparator (LM-311). The positive-going leading edge of the comparator output triggers
the "Delay"” multivibrator. The time constant of this multivibrator is set for approximately 5 ps.

When the multivibrator Umcs oui, the trailing (negative-going) edge of the cutput pulss {pin §)
triggers the "MS Disable” multivibrator. The Q (pin 9) output of this multvibrator goes 0 a logic low
(0 V) and is coupled through two NOR gates to the NAND gate controlling the cscillator input 10 the
sensor driver. With the input to pin 12 (NAND gate) now at a logic low, the 10-MHz signal is
prevented from passing through the NAND gates. Therefore, the radiated field of the sensor is
switched off. The short delay of the "Delay” multivibrator is simply to assurc a clean switching off of
the oscillator signal.

The trailing (positive-going) edge of the Q output of the "Delay” multivibrator triggers the
"Wait" multivibrator. The trailing (negative-going) edge of the Q output triggers the "Data Transfer”
multivibrator. The time constant of the "Wait™ multivibrator provides the ime delay i allow the front
of the antenna on the projectile to pass the sensor ¢dil mounted ai the muzzle. The time constant of
the "Wait" multivibrator was set for this test based on a nominal muzzle velocity of 700 m/s (2,300
fs) with the center of the antenna being 2.54 cm (1 in) from the leading edge of the projectile. Since
the data turst 1o be coupled into the projectile was so shornt (1.5 us), there was no need o transmit the
data at such a precise time as to utilize the complete length of the antenna. The positive-going pulss
of the Q output of the "Data Transfer” multivibrator is coupied to the "Data Purst” multivibrator

10
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Figure 4. Timing Waveferms of Communjcation Control Unit.
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through several driver stages to provide a delay. The Q output is alsc fed to the Kb input of the
programmable counter. When the KB input goes positive, the programmable counter begins counting
the 10-MHz pulses fed into it from the 10-MHz oscillator. When the count reaches the BCD count
entered on the thumbwheel switches (desired time delay), the programmable counter outputs a pulse.
This pulse triggers the "Burst Reset” multivibrator.  This causes the Q output 1o go 19 "lew" (0 V).
This low is fed 10 pin 13 (Reset) of the "Data Burst” multivibrator and resets it, terminating the output
pulse. Therefore, the time duration of the data burst can be precisely set, since it is controlled by the
10-MHz oscillator and counter rather than by a RC time constant. There is a propagation delay in the
reset loop. This would cause the pulse to be several tenths of a microsecond longer than desired. To
compensate for this, a fixed delay for the initiation of the palse is provided through the delay circuit
(CD-4050).

The Q output (positive-going) of the "Data Burst” multivibrator is fed to pin 2 of the NOD gate
and through a second gate to invert it again. It is then fed to pin 12 of the NAND gate, which
controls the oscillator input into the sensor driver. The positive pulse switches the oscillator output to
the driver and provides the means to accurately provide a data burst of a given number of 10-MHz
cycles, which represents the time dclay.

As previously mentioned. in order to provide an extremely accurate delay and the flexibility to
change it 10 accommodate different projectile velocities or dimensions, the "Delay” and "Wait"
multivibrator should be configured as the "Data Burst” muitivibrator,

3.2 Description of the Auto-Fuze Timing Circuitry. The data burst from the control unit is
coupled into the projectile by means of a receiving antenna mounted just behind the rear of the front
bourrelet. The antenna was formed from & 2.54-cm (1-in) wide pisce of copper tape wound around
the projectile (Figure 1). The tape was insulated from the metal body by a cylindrical piece of nylon
0.38 mm (0.015 in) thick, heat shrunk around the body. Afier two leads were connected to the
antenna o couple it to the 10-MHz amplifier, the copper tape was coated with a layer of epoxy
approximately 0.38 mm (0.015 in) thick to insulate and protect it. The antenna length was only 2.54
cm for this test because it was more than sufficient for the short data burst applied. ‘The digital
electronic package was mounted within a 2.54-cm hole in the length of the projectile, with the 10-
MH:z amplifier mourited on a disc at the front of the digital board (Figure S). The entire assembly was
potted to withstand the kigh "G" loads encountered during gun firing. Although this test circui
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Figure S. Physical Layout of the Projectile Electronics.

occupied most of the available space within the 40-mm test slug, it could easily be miniaturized 10
take only a fraction of this space and, thus, be applicable to real fuze applications.

The antenna is resonated at approximately 10 MHz by a capacitor at the input of the 10-MHz
amplifier (Figure 6). The amplifier consists of two transistor stages and provides a voltage gain of
approximately 57 db. With 5 mv (RMS) of signal coupled to0 the antenna, this gain is sufficient to
drive the amplifier from cut-off to saturation and provide a signal approaching a square wave. This
amplifier output is then sufficient to drive the digital circuits. In the quiescent state, the output
amplifier is biased at approximately 3.8 V until the data burst is received. Even though the quality of
the datz burst through this amplifier is reasonably good, very little effort was devoted to it, and
improving it should be possible. The same is true with the digital circuit to be described. The entire
packages were designed around transistors and integrated circuits (IC) that were on hand, and there is
no doubt that the periormance could be improved by the use of newer components.

When the gun is fired, S V are applied to the circuitry through the clogure of a "G” switch. The
"Hold-off" multivibrator (Figure 7) is configured to hold the Q output low for a short period
(determined by the RC time constant). The Q output remains low for approximately 200 ps and is
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Figure 6. Schematic of the 10-MHz Amplifier.
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connected tc the resct lines of the decade counters, the "Delay” multivibrator, and the "Safety”
multivibrator. The uming waveforms for the digital circuit are shown in Figure 8. Therefore, afier
application of powecr, the counters are all resct 0 zero and are ready to count when the hold-off
voltage gocs high. The multivibrators are also reset 10 be ready 1o function upon application of a
wrigger. The 200 ps dclay was chosen bascd on a projectile-in-bore time of between 1 and 2 ms. The
actual time is not critical; all that is required is a reset time that allows the reset lines to go high
before muzzle exit, permitting the circuitry to function.

~8 VOLTS l
wobtore war |
- T
8co
s -
(<LK
DELAY WL Ty, I l
Pin g
O — e cown
=10 COuNY
Vst wa ‘m COUNT ENTENED
' W PROS. COUNTER
(g ]
o JUUUUUU UL —— —JUuuy
2
PROS. COUNTEA J—I_
s 0 I l
“‘:"UY |t
Figure 8. Timing Waveforms of the Auto-Set, Fuze-Time Delay.

Upon application of power, the 1-KHz clock functions immediately and is fed to pin 1 of the
programmable counter. ¥in 13 (Kb) is held low by the Q output of the "Count Enable™ muldvibrator
and prevents the prograinmable counter from counting clock pulses.

The amplifier pulse is fed into the input of three synchronous decade counters and the "Delay”
multivibrator. The decade counters count and enter the pulse count in BCO form inte the programmable
counicr. The first positive-going cycle of the pulse burst also triggers the "Delay” multvibrator. The
time constant of this multivibrator provides a negetive-geing puise output approximately 1 ps long.
However, the multivibrator is configured in a retriggerable mode, g0 that each successive positive-
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going cycle retriggers it, extending the pulse width. Afier the last cycle of the burst retriggers the
multivibrator, the output pulse times out in approximately J ps. The trailing edge (positive-going Q
output, pin 4) is used to trigger the "Count Enable” multivibrator. This method of delay is used 10
insure that the BCD ccunt input is entcred in the programmable counier before a trigger is sent to
enable the programmabie counter.

A built-in safety feature is easily obtained through the use of the "Safety” multivibrator. The TC
output (pin 15) of the first decade counter is used to trigger the "Safety” multivibrator. Until
triggered, the Q output (pin 6) is low, preventing the "Count Enable” multivibrator from being
triggered. Therefore, a pulse count of at least 10 is necessary before the "Safety” multivibrator outputs
a pulsc and allows the "Count Enable” multivibrator to be triggered. Afier this condition (minimum
count of 10) is met, the trigger from the "Delay" multivibrator can trigger the "Count Enable”
multivibrator, which then enables the programmable counter. Through the use of the second decade
counter (pin 15), a minimum count of 100 could be obtained. If used as an additional safety in a real

fuze, any minimum number could be uscd with the addition of several gates.

When the programmable counter is enabled (pin 13), it will then begin to count the 1-KHz clock
pulses. After the number entered in BCD form from the decade counter is reached, the rogrammable
counter outputs a pulse on pin 23. The positive-going edge of this output triggers the "Qutput”
muluvibrator, which is used to provide a pulse longer than the output of the programmable counter.
This positive-going pulse is fed w0 the base of a driver transistor, which tums a LED on. The time
between muzzie exit and the LED going on is the delay time entered via the data burst. To verify the
time delay during the firing test, the light output of the LED, which is mounted in the nose of the
projectile, is detected and recorded.

There are two primary factors involving the system error due to the electronics. One, as
mentioned, is the quality of the pulss burst coupled into the projectile. The other is the relationship of
the phase of the clock pulse to the time that the programmable counter is switched to the count mode .
If the counter is switched just afier the clock pulse goes positive, 2 maximum of one clock puise could
be added to the delay time. Other delays or variations in delay are on the order of a few
microseconds, which cnly amounts ¢o a fraction of an inch of projectile travel. Therefore, if a
maximum of +/ -2 counts duc to the pulse burst and +1 ciock count can be expected, the total system
error due io the electronics would be -2 to +3 counts, or -2 10 +3 ms in the case of & 1-KHz clock.
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4. TEST RESULTS

Five test projectiles were instrumented for the gun firing test. Each projectile was electrically
tested afier complete assembly on both a bench power supply and intemal batteries. The quality of the
data burst, as well as that of the time delay, was consistently good. The time delay was also checked
by detecting the light output of the LED with the infrared detectors to be used during firing.

The actual firing test was conducted on 19 May 1988. The firing test employed a smooth-bore,
37-mm gun. Since during previous tests, one excessive, free-flight yaw was experienced, the detectors
were placed approximately one-half of the way down the range in hopes of detecting the signal before
excessive yaw was experienced. Two stations of deteciors were used. The first station was located
9.1 m (30 f1), and the second was located 12.2 m (40 ft) from the gun muzzle. Assuming a projectile
velocity of 640 m/s (2,100 fys) and a time delay of 16 ms, the LED should output a pulse of light
10.24 m (33.6 ft) from the muzzle. Under this condition, the light pulse would occur just after passing
the first station and slighuy before passing the second. If the time delay was several milliseconds
longer than desired, the projectile would still be in front of the second detector. If it were several
milliseconds shorter than desired, the projectile would be in front of the first station, and a strong
signal should be detectad there. A total of four detectors was used with two stations. Three detector
outputs were summed in an amplifier. Two of these constituted the first station, one slightly above the
line of flight and one slightly to the side. The third detector was placed at the second station slightly
above the line of flight, with a single detector at the second station slightly to the side. In this way, if
the time delay was shorter than planned, a strong signal should be detected at the first station and a
smaller signal at the second.

Before the instrumentcd projectiles were fired, several test regular Muzzleschmidt to check the
quality of the signal. Also checked was the output of the infrared detectors as & result of the muzzle
flash. Even though the muzzle flash drove the detectors into saturation, they began recovering sfter
about 8 ms and appeared to be sufficiently recovered at 12 ms to deiect a signal obtained from the
LED in the projectile. While this does not dend itself to the making of & pretty record, a great deal of
time and many firings might have been necessary to minimize the muzzle fiash effect and still keep
the sensor aligned 10 detect the output of the LED.

18




Two test projectiles containing an oscillator to provide a continually pulsed LED were fired 10
check the detection range of the sensors. The summed amplifier, with two detectors at the first station
and one at the second station, provided a good signal from 11 ms to 21 ms after exit. The single
amplifier at the second station provided signal from 12 ms to 21 ms after exit.

It was decided to fire an insoqumented projectile, assess the results, and continue from there. The
first instrumented projectile was fired with a time delay of 16 ms to be entered. A good signal was
detected 12 ms after exit at the first station (Figure 9). A small signal was also detected by the second
station (Figure 10). The signal of Figure 9 was recorded on a digital oscilloscope triggered by the
muzzle exit signal. The signal recorded in Figure 10 was also triggered by the muzzle exit, which was
recorded on another oscilloscope, but with approximately one-half of a millisecond of pre-exit time
added. Therefore, this pre-exit time must be subtracted from the recorded time to obtain the delay
time. The times arc in good agreement; even though the time delay was 4 ms shorter than planned, it
was decided to proceed with the firing.

The second round was fired, but no detectable signal was observed. These records are shown in
Figures 11 and 12. Based on the similarity of the signal from the muzzle flash, there appears to be no

problem with the recording instruments. The projectile electronics evidently failed; the reason at this
time is uncertain.

F.om the record oblained from the third firing, Figures 13 and 14 show a time-delayed signal of
19.5 ws. Figure 13 (the fecord of the three summed detectors) shows a small signal at 19.5 ms (just
within the time window recorded). This signal amplitde is low since it was detected by only one of
the three detectors, the other two being at station one, which the projectile had alresdy passed.
Figure 14 shows a good signal detected just before the projectile passed the second station. When
corrected for the actual muzzle exit time, the delay ouisined here is 19.5 ms in agreement with the
carlier result. Even though basically only the positive-going excursion of the signal is recorded, this
appears to be the LED output. The record was compared with a record of a continually pulsing LED,
and it is at this point (just before passing the detector) that the signal is lost.

Round four was fired, and a signal was recorded from both stations at 13 ms afier muzzle exit.
These records are shown in Figures 15 and 16.
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The final round prepared (mund five) was fired, but no signal was detectable on either recording

(see Figure 17 and 18). The clock used on this projectile was at a 2-KHz frequency, so \1¢ time

entered in the control unit was doubled to provide a 16-ms delay and had been thoroughly checked out

on the bench. However, as with the second projectile fired, all recording instruments appeared to be

working, and this is evidenty a failure of the projectile. The results of all five fired rounds are

inciuded in Table 3.

TABLE 3. Results from Five Fired Rounds.

Round Time delay Recorded delay, Recorded delay, II
no. entered, station 1, station 2,
ms ms ms
1 16 12.0 12.0
2 i6
3 16 19.5 19.5
4 16 13.0 13.0
5 16

sed on these results, it appears that the concept of transmitiing data from the gun to the
proj0 during rauzzle exit has been proven technically possible. While only three of five successful
results were obtained and a better average was hoped for, there are several factors 10 be considered.
First, the "3" switch used was a new model that, although used in the preliminary test with fair
results, evidently failed occasionaily. Second, the clearance between the protective epoxy coating over
the anici.a ané the bourrolet was less than desirable, and it is quite possible that the antenna coating
came in contact with the gun wbe wall. Since this was a gun tube with many vent holes through the
tube wall, the coating could have been tom off, damaging the antenna. Last, but not least, is the fact
that this was the author’s first experience with instrumented projectiles, and it is quite possibie that a
more experienced person may have had a better record.

5. SUMMARY

The use of a smooth-bore gun tube and unstabilized projeciiles led to excessive yaw. With
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is not aligned with the beam from the LED. This causes a loss of signal strength, making detection
more difficult, especially further down renge. ldeally, during the test it would be desirable to set the
time delay differently for some firings. The excessive yaw down range prevents this. Thereiore, any
future test will be conducted with a rifled gun tube.

The use of a rifled gun tube will make the suspected problem of the antenna coating being tom
off more dominant. More ciearance will have 1o be provided and this will result in reduced signal
level being coupled into the projectile. The gain of the amplifier on the projectile may have to be _
increased. _ .

Although the accuracy of the time delay was approximately the "worst case™ of what might be
expected, the bench test indicates that it should, in most cases, be berter. During the final electronic
checks of the projectiles on intemnal battery, it was noticed, as expected, that there was quite a
vanation in the battery voltage from one battery 10 another. This shifts the operating point of the
output of the 10-MHz amplifier and affects the fidelity of the puise burst. Since the banteries were not
the rechargeable type, it was not possible to trim the circuitry to specific hattery voltages. Initially,
the batteries were checked with and without load, and the berter and most similar were selected.
However, this did not guarantee their quality by the time they were fired. This may be the cause of
the error in the time delay observed. If the test is continued with a rifled tube, a voltage regulator will
be added to the circuitry in hopes of eliminating this problem.

In conclusion, it is believed that this test-firing scries has proven the concept of communicating to

the projectile during muzzle exit. Further deveiopraent could lead to a fast-response fuze or a practical
link to a smart projectile which would be a desirable capabiiity in the near future.




[3p“_1 T

A0 l

™0 l \\ H II

Ll AR
N | L‘ v

1 1

' I

T | Y R

liuL__,i _i

i

!_“ml !

It.'__l.l._.:"!’é:: -_};‘ﬁ:ih LI X . Y R X T3

Figure 17. Time-Delaved LED Output Pulse of Projectile 5,

Detected at the First Station (No Signal).

2000
—_—

AFPS LS

1000

AMPL I TIUDE
[%]
__d—
=
™~

- 19009

e le 28 3@ 40
TIME, MILLISECONDS
Figure 18. Time-Deiayed LED Ouiput Pylsc of Projectile 3,

-2000

26




6. REFERENCES

Danner, B. L., and C. E. Wenger. "Remote Set Fuzing.” HX74-001, HX74-002, U.S. Army
Harry Diamond Laboratories, Adelphi, MD, March 1973, June 1974.

Schmidt, J. Q. "A Radio Frequency Oscillator Technique for Measuring Projectile Muzzle
Velocity." ARBRI.-TR-02158, U.S. Amny Ballistic Research Laboratory, Aberdeen Proving
Ground, MD, April 1979.

Schmidt, J. Q. "An Automatic Velocity-Dependent Delay System for Use Within and Beyend the
Muzzle Blast Region of a Gun." ARBRL-TR-02433, U.S. Amy Ballistic Research
Laboratory, Aberdeen Proving Ground, MD, October 1982.

Schmidt, J. Q. "A Radio Frequency Oscillator Technique for Measuring Projectile Transverse
Displacement at Muzzle Exit.” ARBRL-TR-02448, U.S. Amy Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, November 1982.

Schmidt, J. Q., and T.O. Andrews. "Joint BRL-RARDE 40-mm Firing Experiment to Assess
Projectile Launch Parameter Measurement Technigues." BRL-TR-2679, U.S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD, September 1985.

Schmidt, J. Q., and V. E. Sadler. "Measurement Technique for Automatically Set Fuze Test:
Preliminary Test.,” ARBRL-MR-3660, U.S. Army Ballistic Research Lahoratory, Aberdeer s
Proving Ground, MD, May 1988. -

27




INTENTIONALLY LEFT BLANK.

28




No of No of

Copies Organization Copies Organization
1 Office of the Secretary of Defensc 1 Director
OUSD(A) US Ammy Aviation Research

Direcior, Live Fire Testing
ATTN: James F. O'Bryon
Washington, DC  20301-3110

2 Administrator
Defense Technical Info Center
ATIN: DTIC-DDA 1
Cameron Station
Alexandnia, VA 22304-6145

1 HQDA (SARD-TR)
WASH DC 20310-0001 1

1 Commandcr
US Army Matericl Command
ATTN: AMCDRA-ST
5001 Eisenhower Avenue 1
Alexandnia, VA 22333.0001

1 Commander
US Amy Laboratory Command
ATTN: AMSLC-DL (Clss. ealy)]
Adelphi, MD 20783-1145

2 Commander
US Amy, ARDEC
ATTN: SMCAR-IMI-] (Uscless. only)]
Picatinny Arsenal, NJ 07806-5000

2 Commander
US Amny, ARDEC
ATTN: SMCAR-TDC 1
Picatinny Arsenal, NJ 07806-5000

1 Direclor
Benet Weapons Laboratory
US Anny, ARDEC
ATTN: SMCAR-CCB-TL p)
Waterviiet, NY 12189-4050

1 Commander 1
US Amiy Armament, Munitions
and Chemical Command 3
ATTN: SMCAR-ESP-L
Rock Istand, IL 61299-5000

1 Commander 1
US Armmy Aviation Systems Command
ATTN: AMSAV-DACL
4300 Goodfellow Blvd.
St. Louis, MO 63120-1798

and Technology Activity
ATIN: SAVRT-R (Library)
M/S 219-3
Ames Research Center
Moffett Field, CA 94035-1000

Commander

US Amy Missile Command
ATTN: AMSMI-RD-CS-R (DOC)
Redstone Arsenal, AL 35898-5010

Commander

US Amy Tank-Automotive Command
ATTN: AMSTA-TSL (Technical Library)
Warren, M1 48397-5000

Director

US Amy TRADOC Analysis Command
ATTN: ATAA-SL

White Sands Missile Range, NM 88002-5502

Commandant

US Amny Iafanty School

ATIN: ATSH-CD (Security Mgr.)
Fort Benning, GA 31905-5660

Commandant

US Army Infantry School
ATTIN: ATSH-CD-CSO-OR
Fort Beaning, GA 31905-5660

Air Force Armament Laboratory
ATTIN: AFATL/DLODL
Eglin AFB, FL 32542-5000

A vin n

Dir, USAMSAA
ATTN: AMXSY-D
AMXSY-MP, H, Coher:
Cdr, USATECOM
ATIN: AMSTE-TD
Cdr, CRDEC, AMCCOM
ATTN: SMCCR-RSP-A
SMCOCR-MU
SMCCR-MSI
Dir, VLAMO

ATIN: AMSLC-VL-D




No. of
Copies Organization

14 Commander
US Amy, ARDEC
ATTN: SMCAR-CCH,
R. Sayer
S. Slota
S. Musalli
J. Delorenzo
E. Fenncl
B. Konrad
R. Pnce
L. Rosendor{
SMCAR-FSA,
T. Davidson
R. Trfilew
E. Malatesia
C. Miller
SMCAR-FSA-IM,
R. Boiucelh
W. Smith
Picaunny Arsenal, NJ 07806-5000

1 Commanding Officer
Naval Weapons Support Ceaier
ATTN: CODE 2024, J. Barber
Crane, IN 47522-5020

1 Commander
US Amy Laboralory Command
ATTN: AMSLC-TD (K. Kirby)
2800 Powder Mill Road
Adelphi, MD 20783-1145

2 Commander
US Armmy Harry Diamond Laboratories
ATTN: SLCHD-TA-ES,
Bob Goodman
Ed Harmrison
2800 Powde: Mill Road
Adelphi, MD 20783 -

4  Project Manager
Autonomous Precision-Guided Munition
(APGM)
ATIN: AMCPM-CWA-S, R. DeKleine
Picatinny Arsenal, NJ 07806-5000

No. of

Copics Organization

4

PEO-Armaments

Project Manager

Tank Main Armament Sysiems PM-TMAS
ATTN: AMCPM-TMA

Picatinny Arsenal, NJ 07806-5000

Bauelle Pacific Northwest Laboratory
ATTN: Mr. Mark Smith (2 copies)
Mr. Mark Gamich

P2 Box 999
Richland, WA 99352

AA] Corporation
ATTN: J. Heben
PO Box 6767
Baltimorc, MD 21204

Acrojet General Corporation
ATTN: E. Danials

P.O. Box 296

Azuysa, CA 91702

Chambeslain Manufacturing
ATTN: T.Lynch

550 Ester Street

PO Box 2335

Waterloo, A 50704

Ford Aeruspace & International, Inc.
ATTN: C. White

Ford Road

Mewport Beach, CA 92658

General Defense Corporation
Flinchbaugh Division
ATTN: Mr. Macelroy

200 E. High Steet

PO Box 127

Red Lion, PA 12356

Olin Coryoration
Winchester Group
ATIN: D. Martow

H. Perkinson
707 Barkshire Street
East Alon, I 62024-1174




No. of

Copies Organization

3

Honeywell, Inc.
Defense Systems Division
ATTIN: C. Candland

K. Sundeen

G. Campbell
7225 Northland Dnve
Brooklyn Park, MN 55428

Aberdeen Proving Ground

Cmdr, USATECOM
ATTN: AMSTE-TA-R (L. Sabicr)

k)|




INTENYIONALLY LEFT BLANK.

32




R
USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the reporis it rublishes.
Your comments/answers 0 the iterns/questions below will aid us in our efforts.

1. BRL Report Number BRL-TR-3146 Date of Report __SEPTEMBEE 1790

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, felated project, or other area of interest
for which the report will be used.)

4. Specifically, how is the report being used? (Information source, design data, procedure, source
of ideas, etc.)

S. Has the information in this report led o any quantitalive savings as far 2s man-hours or dollars
; saved, operating costs avoided. or cfficicncies achieved, eic? If so, please elahorate. ____

6. General Comments. What do you think should be changed to improve future reporis? (Indicate
changes to0 organization, technical content, format, etc.)

MNeme
CURRENT Organization
ADDRESS

Address

City, S:ate, Zip Code

7. If indicating a Change of Address or Address Corrction, please provide the New or Correct
Address in Block 6 above and the Old or Incorrect address below.

Name
OLD Organization
ADDRESS

Address

City, Siate, Zip Code

(Remove this sheet, fold as indicated, staplc or tape closed, and mail.)




